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of this cell. Results from preliminary experiments to disrupt Wnt and
Notch signaling in the mollusc Ilyanassa obsoleta suggested that these
signaling pathways were required for cell fate determination of the
posterior organizing cell. However, later examination of the pheno-
types of larvae that result from disruption of the Wnt and Notch
pathways resulted in truncation of axial growth, consistent with the
hypothesis that these pathways are core components in a common
regulatory network controlling posterior growth in all bilaterally
organized embryos. These results allow us to view posterior growth
in molluscs from a novel perspective that directly links our molluscan
research to that in arthropods and vertebrates.
doi:10.1016/j.ydbio.2010.05.390
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Lineage analysis of ectoderm and nervous system in the
polychaete annelid Capitella teleta
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Many metazoan embryos develop via highly stereotyped cleavage
programs allowing individual blastomeres to be followed through
development. The polychaete annelid Capitella teleta (formerly
Capitella sp. I) exhibits a highly stereotypic spiral cleavage program,
and has been the recent focus of several developmental studies aided
by a fully sequenced genome. Spiral cleavage produces a wide range
of body plans and structures and allows homologous cells to be
recognized across taxa. Fate mapping in polychaetes has lagged
behind other spiralian taxa due to technical limitations. Using DiI and
confocal microscopy, we injected individual blastomeres through the
32 cell stage and present a fate map of the ectoderm and central
nervous system here. Similar to other studied spiralians, in C. teleta,
the majority of anterior, unsegmented ectoderm is generated by first
quartet micromeres (1q1) while the majority of segmented, trunk
ectoderm is generated by the 2d micromere. Each of the two brain
lobes comes from a distinct cell at the 8 cell stage, and the ventral
nerve cord arises from 2d. Furthermore, a small population of dorsal
cells in the brain of C. teleta arises from 2d and maymigrate anteriorly
along the circumesophageal connectives. In mollusks, which also
develop by spiral cleavage, there are descriptions of anterior
ectodermal cells migrating to join ganglia in the body, but not of
trunk ectodermal cells migrating into the brain. In conclusion, our
results provide a powerful tool for understanding the development
and evolution of structures and provide the needed framework for
functional studies in C. teleta.
doi:10.1016/j.ydbio.2010.05.391
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Based on work in arthropod and chordate developmental model
systems, the first step to form a central nervous system is
specification of a region of ectoderm competent to form neural
tissue. Antagonism of BMP (Dpp, Drosophila) in the presumptive
neuroectoderm by proteins such as Chordin (Sog, Drosophila) is a
remarkably conserved mechanism for this process. Studies of axial
patterning in the hemichordate Saccoglossus kowalevskii have
demonstrated the presence of a dorsal–ventral axis marked by BMP
and Chordin, yet the early specification of nervous system does not
involve segregation of neuroectoderm; neurons are intermingled
with epidermal cells. Furthermore, over expression of BMP does not
inhibit the specification of neuronal cell fate. Hemichordates are the
sister group to echinoderms and closely related to chordates and thus
are in a key phylogenetic position to give insights into early
deuterostome evolution and the origin of the chordate central
nervous system. However, they also offer a unique opportunity to
study the developmental basis of an alternate neural system
organization that contrasts with the segregated and centralized
systems, characterized from other model systems. The long term goal
of this work is to determine how the specification of a diffusely
organized neuronal cell population is achieved independent of the
conserved BMP/Chordin antagonism. Here, we investigate the role of
two critical signaling pathways in chordate and/or Drosophila neural
specification, FGF and Notch to begin to define the mechanisms
essential in the evolution of the nervous system in deuterostomes.
doi:10.1016/j.ydbio.2010.05.392
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Proneural genes function as critical regulators of neurogenesis in
bilaterian model systems. Thus, establishing a neurogenic role for
proneural genes in cnidarians, the sister clade to the bilaterians, will
provide a foundation to study the mechanisms leading to the
bilaterian centralized nervous systems from a simple cnidarian nerve
net. We are using the model cnidarian Nematostella vectensis, to
investigate four homologs of the achaete–scute proneural family of
bHLH transcription factors (NvashA-D). Individually microinjecting
mRNA encoding each Nvash gene induces embryonic expression of
the neural marker NvanthoRFamide. However, only NvashC is
expressed in a spatio-temporal pattern similar to NvanthoRFamide.
Conversely to misexpression, injection of a translation blocking MO
against NvashC decreases both NvanthoRFamide cell number and
expression levels. Expression patterns for NvashA and NvashB genes
overlap with NvashC expression at larval stages, suggesting that
NvashA, B, and C act redundantly in larval neurogenesis. NvashD is
expressed in lateral edge of the mesenteries, where cnidocytes are
believed to originate. Cnidocytes are a cnidarian specific neural cell
type. Thus, NvashD may regulate cnidocyte neurons. Together, our
data suggest that proneural bHLH transcription factors regulate
cnidarian neurogenesis, and thus provide a crucial molecular link to
act as a springboard for future evolution and development studies
between the bilaterian central nervous system and the cnidarian
nerve net.
doi:10.1016/j.ydbio.2010.05.393
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The neural crest is an important vertebrate innovation that
gives rise to a wide variety of structures. Genes from the pax3/7
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and zic families are among the earliest markers of the presumptive
neural crest and their expression is first seen during gastrulation
at the border of the neural plate. The pax3/7 and zic genes have
undergone multiple duplications in the evolution of teleost fish.
Some of these duplications occurred soon after the origin of
vertebrates, while others are teleost-specific. While many pax3/7
and zic paralogs are expressed during neural crest development,
their expression is initiated at different times and is seen in
different areas along the anterior–posterior axis. These expression
differences could result from the gain or loss of regulatory
elements in particular pax3/7 and zic genes or from modification
of existing elements. To distinguish between these possibilities, we
identified multiple paralogous pax3/7 and zic neural plate border
enhancers from the Fugu genome and characterized them in
transgenic zebrafish. We found that the paralogous enhancers
share sequence similarity, are similarly positioned relative to the
coding sequence and we provide evidence that many are directly
regulated by Wnt signaling. Despite these similarities, the
enhancers have undergone spatial and temporal sub-functionaliza-
tion, with some paralogs only driving gene expression later in
neural crest development or only in sub regions of the neural plate
border. This indicates that differences in expression among neural
plate border genes are the result of modifications to existing
enhancers.
doi:10.1016/j.ydbio.2010.05.394
Program/Abstract # 414
Developmental switch of primary sensory system from
Rohon–Beard cells to Dorsal root ganglia
Kiyoshi Kawakamia, Hiroshi Yajimaa, Makoto Suzukib, Haruki Ochic,
Keiko Ikedaa, Shigeru Satoa, Hajime Oginoc, Naoto Uenob
aDiv. of Biol. Centr. Mol. Med. JMU, Tochigi, Japan
bDiv. of Morpho. NIBB. Aichi, Japan
cGrad. Sch. Biol. Sci. NAIST, Nara, Japan
Primary sensory system is composed of two groups of cells
that reside intra- and extra-spinal cord in vertebrates. The former
is Rohon–Beard (RB) cells, which are observed in fish embryo and
amphibian larvae but not in birds and mammals. The latter
represents dorsal root ganglia (DRG), which mediate a variety of
sensations in the body. In fish and amphibia, RB cells undergo cell
death by apoptosis followed by the formation of DRG at later
stages. Six1 is not expressed in RB cells until the onset of their
apoptosis and expressed in neurons of DRG. In Six1/Six4 double
knockout mice (dKO), ectopic sensory neuron-like cells positive
for Islet1/2 in conjunction with Tlx3 and Kv1.1, specific markers
for RB cells, were observed in the spinal cord. Axons extended to
outside of the spinal cord from the ectopic cells. These features
suggest that the ectopic cells appeared in the spinal cord of dKO
correspond to RB cells, which are never observed in the wild type.
These results allow us to hypothesize that acquisition of the
expression of Six1 in early developmental stage of amniotes causes
loss of RB cells and promotes formation of DRG. To address this
possibility, we overproduced Six1 protein in Xenopus embryos. The
number of RB cells was decreased and extra-spinal ectopic
sensory neurons appeared. We also found that a mouse Six1
enhancer specific for DRG showed activity in dorsal neural tube in
Xenopus larvae, while corresponding Xenopus enhancer has no
such activity.
doi:10.1016/j.ydbio.2010.05.395
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Turtle plastron bones develop by intramembranous ossification
from the condensation of cells that stain positively for HNK1, PDGFRα
and p75, indicating that these bones are derived, like the facial bones,
from neural crest cells. At Greenberg stage 17, comparable to H&H
Stage 28 chick embryos and well after the initial wave of neural crest
migration, cells that are positive for HNK1 and the early neural crest
marker, FoxD3 begin accumulating in the thickened dermis of the
carapace and migrating to the developing plastron. These cells
possess the defining attribute of neural crest cells, that of emerging
from the neural tube. However they emerge from the neural tube in a
second, later wave. HNK1+ cells were observed migrating away from
cultured neural tubes from St.17 embryos. When the lipophilic dye DiI
was injected into the lumen of the neural tube of St.17 turtle embryos,
DiI-positive cells were observed in the carapacial ridge neural crest
“staging area” within a day. These data support our hypothesis that
the plastron bones of the turtle are formed by a late emerging
population of neural crest cells that collect dorsally in the carapacial
dermis and then migrate ventrally. Currently, we are in the process of
comparing the molecular and functional properties of these late
trunk neural crest cells with those of early trunk and cranial neural
crest cells.
doi:10.1016/j.ydbio.2010.05.396
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Brd2 is an epigenetic transcriptional co-regulator involved in
control of mitosis and apoptosis in mammalian cells, and homeotic
gene expression in Drosophila. Zebrafish Brd2 RNA is restricted in
somitogenesis to central nervous system and gut, where homeotic
genes control segmentation. Morpholino knock-down of Brd2
results in morphological defects, including midbrain/hindbrain
boundary (MHB) blurring, reduced hindbrain volume, and disorga-
nized notochord and somites. These defects are likely due to
misregulation of processes known to be under Brd2 control.
Consequently, Brd2 morphants were analyzed for levels and
patterns of apoptosis, cell proliferation, and homeotic gene expres-
sion using TUNEL assay and BrdU incorporation followed by
fluorescent confocal microscopy, and in situ hybridization, respec-
tively. Brd2 morphants exhibit a severe reduction in apoptosis in
early somitogeneis, and an opposite dramatic increase in apoptosis
at later stages, implying bimodal regulation of cell death by Brd2.
Although levels of proliferation appear similar in knock-down and
control embryos, patterns of proliferating cells in morphants are
disorganized, especially in developing somites, consistent with gross
morphological defects. Lastly, engrailed2a, a homeotic MHB marker,
is absent or severely reduced in its caudal domain, suggesting
defective hindbrain patterning of morphants. Thus, Brd2 is critical
for the proper balance of cell death and proliferation, and likely
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